A3BecTis TOMCKOrO NOMUTEXHUYECKOrO yHuBepcuTeTa. MHxuHpuHr reopecypcos. 2022. T. 333. Ne 11. 115-123
BrvHos M.A. 1 Ap. AHanM3 1 BbIGOP TaMMOHAXHON CMECH, YCTONYMBOI K AMHAMUYECKUM Harpy3kam, C LieNbto NOBbILLEHNS Ka4YeCTRa ...

YK 622.245.6

AHANW3 U BbIBEOP TAMMNOHAXHOW CMECH, YCTOMYMBOW K AUHAMUYECKUM HATPY3KAM,
C LUENbIO NOBbIWEHUA KAYECTBA TEPMETUYHOCTU KPEMW B 3ATPYBHOM
NPOCTPAHCTBE

BnuHoB MaBen AnekcaHgpoBuy’,
Blinov_PA@pers.spmi.ru

lWaHbwepos AnekcaHap Bnagumuposuy’,
mr.shansherov@mail.ru

YepemwaHues [laHun MakcumoBuy',
cheremshantsevd@gmail.com

KysHeuoBa Hatanbs HOpbeBHa',
Kuznetsova_NYu@pers.spmi.ru

HukuwuH Bavecnae BanepbeBuy’,
Nikishin_VV@pers.spmi.ru

1 CaHkT-MeTepbyprckuin ropHbIA YHUBEPCUTET,
Poccus, 199106, r. CankT-NeTepbypr, Bacunbesckuin ocTpoB, 21 nuHus, 2.

Kayecmeo kpenneHus ckeaxuH sie/isemcs eecbMa akmyasnsHol npobnemoli 8 obnacmu yeMeHmuposaHusi ckeaxuH. B xode pazpabomku
MEeCmOpOXOeHUs cKeaxuHa no0gepaaemces Kak cmamuyeckumu, mak u QUHaMUYECKUM Hazpy3kaM, npu 3moMm cmoum ommemums, Ymo
enusiHue duHamuyeckoli cocmasnstowell sensiemes 6onee 3Ha4yuUMbIM, Mak Kak npu paspyweHuU YeMeHMHO20 KaMHsl MO2ym 803HUK-
HyMb OCTOXHEHUS], C8sI3aHHbIE C NPEXOe8peMeHHbIM 06800HEHUEM CK8AXUHBI, @ MaKXe 8eluka 86pOSIMHOCMb 3aKOMOHHbIX NEPEMOKO8.
B pabome paccmompeH aHanu3 npuyuH 803HUKHOBEHUS HapyWeHUsl 2epMEeMUYHOCTMU Kpenu CK8axXuH 60 8peMst akcnilyamayuu U nodo-
6paH cocmas, nosbILatLUL NPOYHOCMHbIE XapakmepUCMUKU UEMEHMHO20 KaMHsI.

AkmyanbHocmb. Bgudy 8bICOKOU CIIOXHOCMU NPO2HO3UPOBaHUS NOBEAEHUST 20pHbIX NOPOO C Pa3nUYyHbIMU muUnamu YeMeHmMos 4acmo
803HUKaKOM cumyauyuu, cesi3aHHble C He2epMEeMUYHOCMbLI CMBOIA CKBAXUHbI, KOMOpbIe NPUSOOSIM K OCIIOXHEHUSIM U agapusim, a 3mo 8
8010 04epedb nogblaem cmoumocms pabom u 3ampamel Ha ux nukeudayuro. Cywecmeyem psd mpydos, HanpaseHHbIX Ha PeweHue
npobnembI kayecmea 2epMemu4YHOCMU, HO, HECMOMPS Ha 3Mo, npobriema He peweHa u ocmaemces akmyarnbHoU U eaxHol 8 amoli 06-
nacmu uccredosanutl.

Lens: paspabomams cocmas 0nsi UeMeHmUpoBaHUs CK8aXUHbI, 0becneyusatouuli NOBbILEHUE Kayecmea KpenneHuUs CK8axuH 8 ycro-
8UsIX OUHaMUYECKUX Hazpy3OoK.

MemodbI. [ns peweHus nocmaeneHHol uenu bbin nposedeH numepamypHol 0630p 3apybexHbIX U 0MEeYeCmBEeHHbIX LCMOYHUKOB.
[posedeHb! nabopamopHbie ucnbimaHus MaMnOHaXHO020 pacmeopa U UeMEHMHO20 KaMHsi ¢ dobasreHueM 3nacmomMepos pasnuyHol
KOHUeHmpauyuu. PaccmompeHb! u npumeHeHsl memoduku onpedeneHus modynsi fOHea u Koaghgpuyuerma [lyaccoHa mamnoHaxHo20
kamHsi. Bce uccrnedoeaHusi npogodunucs 8 coomeemcmeuu ¢ FOCT 34532-19 «Llemermbl mamnoHaxHble. MemoOb! ucnbimaruiiy,
[OCT 28985-91 «[Mopodei 2opHbie. Memod onpedeneHusi dechopMayUOHHBIX Xxapakmepucmuk npu 00HoocHoM cxamuuy, FOCT 21153.3-85
«[lopodbi 2opHble. Memodsi onpedeneHusi npedenia NPOYHOCMU NpU 0OHOOCHOM PAaCMSTKEHUU.

Pesynbmamel. B xode akcnepumenma Obinu nomyqeHbl UeMeHmHbIe pacmeopb! ¢ 0obagkamu 1amekca U pe3uHosol KpOWKU pasHol
¢hpakyuu U KOHUEeHmpayuu. YcmaHosieHo, Ymo npu paccmampugaeMbix KOHUEHmPayusx CHUXaemes niomHocms pacmeopa, nogbiua-
emcs 3Ha4eHUe pacmekaemocmu, KpoMe pacmeopa ¢ KoHueHmpauyueli mamekca 4 %, u npoucxo0um CHUXeHUe e20 80000MOEseHUs.
YcmaHogneHo ysenuyeHue npoyHocmu Ha udaub u pacmsxeHue 0515 ecex obpasyos. OnpedeneH cocmas uemeHmHol cmecu, obnada-
fowull Haumyqwumu hokazamensmu ¢ cooepxaHuem 3 % namekca u 3 % pe3uHosoll KpowKu hpakyuu -2 M.

Bbigodbl. PaspabomaHHbili cocmag mamnoHaxHoU cMecu ¢ 0obagneHueM 3/1acmomepos No380UM NosbICUMb Kayecmso Kpenu u
ycmoUyugocmb K QUHaMUYECKUM Hagpy3kaMm 8 NPOLecce 3KChiIyamayuu CK8axuHbl.

Knroyeenle cnoesa:
Kayecmeo KpenseHusi, OUHaMUYecKue Haepy3Ku, lameKc, Pe3uHo8as KpowkKa, NPOYHOCMb UEMEHMHO20 KaMHSI.

HccnenoBanns MOKa3aily, 9T0 PEMOHTHO-H30IALMOHHBIE
PabOTHI IO BOCCTAHOBIICHUIO T€PMETHYHOCTH 3aTpyOHOTO
MPOCTPAHCTBA COCTABIIOT OKOJIO0 25 % 0T 0bmiero uncna
BCex pabot, a ux d(hPeKTUBHOCTH TPH ITOM HE MPEBBI-
maer 50 %. CnemyeT MOHMMATh, YTO BO3HHKAIOIIME
OCIIOXHEHMS — 3aKOJIOHHBIE TIEPETOKM M OOBOIHEHHE
CKBaXHHBI — MPUBOIAT K 3HAYUTENBHOMY yIepOy st
OKpYKarolell IIPUPOAHON CPeJibl, @ TAKIKE K YBEIMUEHUIO
3aTpaT Ha BOCCTaHOBJEHHE CKBAXKHMHBL UTOOBI mpesot-
BPATHTb BO3MOXHBIC OCIOXKHEHHUs, HE0OXoauMo o0pa-

BBeaeHune

LlemMeHTHpOBaHUE SBJISACTCS 3aBEPIIAIOIIMM ITArlOM
CTPOUTENBCTBA CKBAXMH. BaXXHO MOHMMATh, YTO Kaye-
CTBO IIEMEHTHPOBAHHUA BIUSET Ha JANbHEHIITYIO IKCIUTya-
TAIlMI0 CKBAXUHBL [Ipn HeKaueCTBEHHOM I[EMEHTHPOBA-
HUH TEPMETHYHOCTH 3aKOJIOHHOTO MPOCTPAHCTBA CO Bpe-
MEHEM YXY/IIAeTCs, a 3TO B CBOK 0Yepe/ib MPUBOIHUT K
PA3IHYHBIM OCTIOKHEHHUSAM U aBapusim [ 1-5].
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TUTh BHUMAHUE Ha KAY€CTBO KOHTAKTA «TOpHAs TOpoja —
[IEMCHTHBII KAMEHb — METAILT».

Crietyer OTMETHTh, 4TO B X07Ie PabOTBI OBLTH M3yUCHBI
MaTepUaibl TPYIOB CIETYIOMMX POCCHICKUX M 3apyOeKHBIX
yuensix: AWM. Bynarosa, ®.A. Arsamosa, I.M. Capkucoga,
S. Stryczek, A. Gonet, G.W. Scherer, Hualin Liao,
Zhichuan Guan n MHOTHX JPYTHX HCCIEIOBATENEH, MO-
CBSIICHHBIC BOIPOCAM KAyecTBa [IEMEHTHPOBAHUS U Tep-
METHYHOCTH KOJIOHHBI, & TAKkKe MPUYMHAM YXYIIICHUS
MPOYHOCTHBIX CBOMCTB [IEMEHTHOTO KamHs [6—13].

Kax m3BecTHO, Hanborbliiee BIMSIHIE HA KAYeCTBO Kperl-
JIEHUs BO BPEMs SKCILTyaTalii CKBAKUHBI OKa3bIBAIOT MPO-
TIECCHI OMPECCOBKHM, THAPOPA3phIBa IUIACTa M Mep(oparim
[14]. Onu B cBOIO Ouepenb BBI3BIBAIOT AMHAMHYECKHE
(ynmapHble) Harpy3kH Ha LEMEHTHBIN KaMeHb, KOTOpbIE TIPH-
BOJIAT K €r0 pacTpecKuBaHuIO U paspyuenuto [15]. Cyme-
CTBYIOT TEXHOJOTHH TIO CHIDKCHWIO BIMSHHS YHAPHBIX
HAarpy30K Ha Kpelb CKBAKHHBI, HAMPABJICHHBIC HA YMCHb-
IIEHHE TIOTEPHU €€ TEPMETHYHOCTH, KOTOPBIE K TOMY XK€ YBe-
JIMYMBAIOT yaapoycToitunBocTb. K 310l TeXHOMorum oTHO-
cAT I00aBJICHHE B TAMIIOHAKHBIA PACTBOP TAKUX JT00ABOK,
KaK JIATeKC, KaydyK, PasiiuHble apMHPYIONIIEC BOJOKHA,
cMortsl, ceps! 1 mmp. O030p JTUTEPaTyphI  MATCHTOB IOKa-
3a1, 4to Hambomnee YPHEKTUBHBIMH SIBIISFOTCS 31aCTOMEPHI
U apMHUPYIONIUE BOJIOKHA. ABTOpBI, 3aHUMAFOIIMECS TIOXO-
KUMH VICCIIEIOBAHUAMH, PAcCCMATPUBAIIM PA3MYHbIE pea-
TEHTBI, KOTOPBIE MOTYT TIOBBICHTH YIAPOCTOHKOCTh [IEMEHT-

Horo kamHs [16-18]. Takum oOpasom, OCHOBHOW wujeeit
9TOH PabOTHI SBISETCS BOMOKHOCTD CO3IAHKS TAMITOHAX-
HOM CMECH, KOTOpast yBEIHIUT CONPOTHBIAEMOCTh [IEMEHT-
HOT'0 KaMHA K TMHAMAYCCKUM Harpy3Kam.

MeToauka ucnbITaHUA LEMEHTHOFO pacTBOpa U KaMHs

Bcee wuccnenoBanust mpoBoaunuck Ha 6ase [opHOro
YHHUBEPCUTETA, B YACTHOCTH, B JaOOpPaTOPHAX TaMIIO-
HAOKHBIX M OYypOBBIX JKHIKOCTEH B HAy4HOM LEHTpE
«ApKTHKa» ¥ B IIEHTPE T€OMEXaHUKH. TaKk Kak B pabote
HET ONpEJENCHHON PUBSA3KA K MECTOPOKIICHHIO | B TIe-
JAX YIPOIIEHUs OOJBIIOT0 YHCHA IKCIIEPHUMEHTOB, B Ka-
YecTBEe YCIOBUH Ui NPUTOTOBJICHHS M BBIAEPKKH Lie-
MEHTHOTO KaMHs ObLIM BBIOpaHbI CIEAYIOLINE: TeMIepa-
typa 22 °C u nasnenue 101708 Ila.

B kadectBe BsDKyIIEro BemiecTBa OBLT HCIIOJNB30BaH
[IIIT-I-50, xOTOpBIA HUMEET OTHOCUTENIBHO HEBBICOKYIO
CTOMMOCTb, ~TEMIIEPATypHbI  JAMAa3oH  COCTaBIAET
15-50 °C [19]. XKuakocTblo 3aTBOPEHUs SBISETCSA TeX-
HIYECKas BOJA, 8 B KAYECTBE PACCMATPHBAEMBIX T00aBOK
OBUTH HMCTIONB30BaHBI JIBA TUIA AIACTOMEPOB Pa3IUYHON
KOHIIEHTpALMH,  UMEHHO JaTeKe (KOHIeHTpanuei ot 1,0
1o 4,0 %), pesuHOBasg Kpolika pazMepoM (pakuuu 10
0,8 MM 1 KpoIIKa, CpeTHUN pa3Mep YacTUIl KOTOPOH Co-
cTaBIsUT He Oonee 1-2 MM (KOHIICHTPAIIMK KPOIIKH pac-
cMatpuBanack B quanasone 1,5-4,5 %). Ha puc. 1 npen-
CTABJICHBI UCTIONb3YEMBIE HaCTOMEPBL.

Puc. 1. Paccmampusaemvie snacmomepul: 1amexc, pesunosas kpowka gpaxyuu 0,8 mm, pesunosas kpowika gpaxyuu 1—2 mm

Fig. 1. Considered elastomers: latex, rubber crumb of 0,8 mm fraction, rubber crumb of 1-2 mm fraction

PesnHoBas kporka Ui TOBBILIEHHS aAre3ud K Iie-
MEHTY TIepe]l TPOBEICHIEM HCCIIeIOBaHMs 00pabaThiBa-
nmack JByXMomspHbIM pactBopoM NaOH B Tteyenme
20 MUHYT TIpH TIOCTOSTHHOM TICPEMEIIMBAHUH, C TIOCIe-
AyIOLIeH IIPOMBIBKOI BOZIOM U CYLIKOI IIpU KOMHATHOH
Temiepatype. B kauecTBe BTopoii 100aBku B paboTe Obl1
paccMOTpeH TOJMMMEpPHBIH naTekc. Moamdbukanus 1e-
MEHTa C TIOMOIIIBIO JIATEKCA TIO3BOJISAET YBEANIHUTH TPOU-
HOCTb IL[EMEHTA 3a cUeT o0pa3oBaHHs B MPOIECCE THApa-
TalliM HENpPEPBIBHBIX IUICHOK W MeMOpaH TonuMepa
[20-24]. Crout OTMETUTH, YTO NPHU BHICOKMX KOHLIEHTpA-
LUX JIaTeKkca B CTPYKType LIEMEHTa MOTYT 0Opa3oBbl-
BAThCA Pa3pbIBbl, IPUBOJAIINE K YXYALIEHUIO IPOYHOCT-
HBIX CBOICTB IIEMEHTHOTO KaMHS [25].

B pabore mpennaraercs paccMotperb 13 TuIOB pe-
LENTYp, UX KOJIUYECTBO 0OOCHOBAHHO BUJOM J00ABKH M
ee MPOLIEHTHBIM COZIepXkKaHueM B cocTaBe. B aByX pewen-
Typax MPUMEHSINCh HECKONBKO JOOABOK, MPUIAIONINX
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[IEMEHTHOMY KaMHIO ONTHMAaJbHbIE MapameTpsl. B Tab-
JIMIIE TI0Ka3aHO KOJIMYECTBO AIIACTOMEpA B TPOIEHTAX OT
MacChl YUCTOTO [IEMEHTA TIPH BOJOCMECEBOM COOTHOIIIE-
ann (B/C)=0,5.

Jlnst onpeieNneHust IIOTHOCTH TaMITIOHAXKHOTO PacTBOPa
npuMeHsH wiotHomep Mud Balance 141 xommanuu Fann,
JINANa30H U3MEPEHUS IAHHOTO 000PYIOBAHKS COCTABIIACT
0,75-2,6 r/em’. PacTekaeMOCTh SIBISIETCS BaKHBIM napa-
METPOM, KOTOPBII YYUTHIBAECTCS IS OIIEHKH BO3MOYKHOCTH
MPOKAYKU [IEMEHTHOT0 pactBopa. Omnpenensmm ee ¢ 1o-
mouipto konyca AsHUN. Y 1oBneTBopUTeNbHBIME CUHUTA-
1oT 3HaueHus ot 180 mo 250 mm. B cBsi3u ¢ m3yueHuem
BIMSTHUS 3JIACTOMEPOB B X0JIe padOThl HEOOXOIMMO OTIpe-
JISTUTh  BOJIOOT/ENEHHE. OJTOT MapaMeTp MOKa3hiBaeT
HaJIMuKe CBOOOHOM BOJIBI M €€ OT/IENIEHHE OT [[EMEHTa B
npouecce cequMenTani. OH ompesiensercss ¢ TMOMOIIBIO
MEpHOTO IMIIMHIPA W PACCUMTHIBACTCS KAK OTHOIICHHE
BBIJIENTUBIIIEHCS BOJBI K 00IIIEMY 00BEMY pacTBOpa.
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Taonuya. Cocmasvl peyenmyp u ux KOIuU4ecmeo 8 cmecu
Table. Formulations and their quantity in the mixture
KonuyecTBo 1006aBKU-371aCTOMEPA OT MACChI CYXOTO
nemenra, %
Amount of elastomer additive by weight of dry
Ne cocraa, o
Composition cement, %
o, Ta- Pe3uHOBas Kpomika PesuHOBas Kpomka
reKe (<0,8 Mm) (1-2 mm)
Latex Rubber crumb Rubber crumb
(0,8 mm) (1-2 mm)
1 0 0 0
2 0 1,5 0
3 0 3 0
4 0 4,5 0
5 0 0 1,5
6 0 0 3
7 0 0 4,5
8 1 0 0
9 2 0 0
10 3 0 0
11 4 0 0
12 3 4,5 0
13 3 0 3

[Ipn paccMOTpeHHMH MPOYHOCTHBIX XaPAKTEPHCTHK
LIEMEHTHOTO0 KaMHs OBUIM OMpeieseHbl MPOYHOCTH Ha
cKaThe (O.y), Ha M3rHuo (6,) U HA PACTHKEHUE (Gpye). Ile-
PelI UCTIBITAHIEM MOJTOTABIMBANH 00Pa3Ibl IEMEHTHOTO
KaMHsl 3aJaHHBIX pa3MmepoB B coorsercTBud ¢ ['OCT
34532-19 u TOCT 21153.3-85. [lns onpezeneHus mpovHo-

1,82 4 8151,81
5 18
5
) 1,78
S 1,78
o
£ 1,775
=
= 1,76 1,76
1,74
0 1 2 3 4 5

Konrenrpanus no6aBok, %

Puc. 2. I'pachux usmenenusi nromuocmu
Fig. 2. Density change graph
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Puc. 3. ['padux usmenenus pacmexaemocmu
Fig. 3. Flowability change graph

1,77
L4 1,76

CTH Ha M3rH0 U CXKaTHe MPUMEHSUTH THAPABINYECKUH Mpece
mozemu Controls 65-L1132, a ansg mpoyHOCTH Ha pacts-
*xenue — npubop BY-21 [26].

JUIst MicceIOBaHuS YIIPYTUX CBOMCTB TAMIIOHAKHOTO
KaMHS paccMmatpuBanu Moaynb FOura () u xoad¢unu-
ent Ilyaccona (u). [lng ux ompeaeneHus: UCIOIb30BaNH
CepBOTHpaBIMYECKYI0 MammHy Mojend MTS 816 [27].
3nauenns moxyns Onra m kosd¢uuuenta Ilyaccona
paccunthiBatoT 110 Gopmynam (1), (2) B cOOTBETCTBUH C
I'OCT 28985-91:

O — O,

E=—n "0 1)
Em ~ €10

U= Eom ~ 5:20 , (2)
glm - 810

I1e 0, U 0p — 3HAUEHUS CXKUMAIOLIET0 HANpsDKEHUS B
JIMATIa30He YaCTUYHOH Pasrpy3Ku 00pasna; &,; & 10; €20
U &, — YaCTHBIE 3HAYEHUS IIPOOJIbHBIX M IONEPEYHBIX
OTHOCUTENBHBIX Ae(opMalMii MPU YACTUYHON pasrpysKe
U IpUTpy3Ke o0pasua.

PesynbTaThl UccrenoBaHusa U ux o6cy)|<.quMe

[Mocne mpUroToBNIEHNS TAMIIOHAXKHOTO PACTBOPa HEOO-
XOJIMMO 3aMEpPHThH €ro 3HAYEHHS IUIOTHOCTH, PACTEKaeMo-
cTH 1 Bojoot/ienenus. Ha puc. 2—4 mokasaHsl JaHHBIE T1a-
paMEeTpbI MPH Pa3INYHON KOHIIEHTPALIMH 31aCTOMEPOB.

—@®— Pe3nHoBas KpowwkKa 4o 0,8 mm
—@— Pe3nHOoBaA KpoLKa 40 1-2 mm
NaTekc

Natekc 3% + Pe3nHOBaA KpoOLKa
0o 0,8 mm 4,5%

® JlaTtekc 3% + Pe3nHOBasA KpoLKa

6 7 8 1-2 mm 3%

24,25
—@®— Pe3nHoBadA KpolkKa o 0,8 mm

22,5
[ J —@®— Pe3nHOBasA KpoLKa 4o 1-2 mm

JlaTeKkc

NateKkc 3% + Pe3nHoBasn
KpowkKa go 0,8 mm 4,5%

® Jlatekc 3% + Pe3nHoBas
Kpowka 1-2 mm 3%

6 7 8
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Puc. 4. I'paghux usmenenusi 6o0oomaoenenus
Fig. 4. Water separation change graph

W3 rpaduxos crnemyer, uto mpu 100aBIeHUHN 100aBOK-
5JaCTOMEPOB IIOTHOCTb BCETA TIOHUKACTCS U3-3a TOTO,
YTO JIATEKC ¥ Pe3nHA UMEIOT KyJa MEHbIIYIO TIOTHOCTb,
yeM 0a30BbIH EMEHT. PacTeKkaeMoCTh YBEIMUUBACTCS BO
BCeX clydasx, kpome coctaBa Ne 11. ITpu paccmarpuBsa-
€MOM 3HaueHWM KOHIeHTpauuu 4 % JaTeKkc CBA3bIBACT
CBOOOIHYIO BOIY W3 JMCIICPCHOHHOH CHCTEMBI H TIO-
IBIKHOCTb pacTBOpa yMeHbluaercs. Bonoornenenue

15
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2 12
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—@— Pe3nHoBadA KpoLwKa 1o 0,8 mm

—@— Pe31HOBaA KpoLlKa A0 1-2 mm

Nlatekc

2

1,8

( J
Nartekc 3% + Pe3nHoBan
Kpowka ao 0,8 mm 4,5%

@ Jlatekc 3% + Pe3nHoBaA

Kpowka 1-2 mm 3%

6 7 8

YBEIMYMBACTCS NPU TIOBBIIICHAH KOHIEHTPAIUi PE3NHO-
BOU KPOILIKH Pa3HBIX QpaKiHil.

[Tocne ompeneneHyss CBOWCTB LEMEHTHOTO pacTBOpa
OBUTM U3rOTOBIIEHBI 00pa3Ibl ONpEIEIeHHON HOPMBI C Iie-
JIBIO OTIPEJICTICHHS! TIPOYHOCTHBIX XaPaKTEPUCTHK [IEMEHT-
HOro kamHs. Bce ucmbiTanus 00pa3ioB MPOBOIMUINCH T10-
ciie 48 JacoB BEIIEPKKU B BojIsHOH Oane. Ha puc. 5-7 mo-
Ka3aHbl TpaQUKM W3MEHEHWS MPOYHOCTH IEMEHTHOTO
KaMHs [IPU Pa3IMYHbIX KOHIEHTPALHAX 3IaCTOMEPOB.

—@— Pe3unoBas kpouika 10 0,8 Mm
—@— Pe3uHoBas kpomka 10 1-2 Mm

JlaTtexc

10,01
Jlatexc 3% + Pe3unoBas

kpouika 10 0,8 mm 4,5%

® Jlarekc 3% + Pe3unoBas
kpomka 1-2 MM 3%

Konnentparnus no6asok, %

Puc. 5. I'pagux usmenenus npouHocmu Ha cocamue
Fig. 5. Compressive strength change graph
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Konnentparus 106aBok, %

Puc. 6. I paghux usmenenust npounocmu nHa uzeub
Fig. 6. Bending strength change graph
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5,45 —@— Pe3uHoBas kporka 10 0,8 MM

—@— Pe3unoBas kpouika 10 1-2 Mm
Jlatexc
Jlatexc 3% + Pe3unoBas

kpormka 10 0,8 Mmm 4,5%

Jlarexc 3% + Pe3unoBas
kpomika 1-2 mm 3%
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Fig. 7. Tensile strength change graph

Tax kak Bce 100aBKM UMEIOT MEHBILHI Y/IeIbHBIN BeC,
0 CPABHEHHUIO C YUCTBIM LIEMEHTOM, TO €r0 IIIOTHOCTDb
MPOYHOCTh HA CYKATUE CHIDKAIOTCS, UCKITIOUCHUEM SIBIISI-
eTcs [EMEHTHBIH pacTBOP C JIATEKCOM KOHICHTPAIUH
1 %. Pe3nna sBnseTCA MCHEE JKECTKOM, €M IIEMEHTHBIN
KaMeHb, U CTENEeHb a/Ire3Un MKy PE3UHOBON KPOLIKOH
U I1IEMEHTOM TaKkKe He3HauutenbHa [28], BcnencTBue
9TOT0 MPOYHOCTh HA CIKATHE yMeHbITaeTcst. Hanboobiree
CHIDKEHHE MPOYHOCTH Ha CXKATHE JOCTHTACTCS TPU MaK-
CHMAJIbHBIX KOHIICHTPAIUSX dIIaCTOMEPOB (PE3MHOBAS
kpomika — 4,5 %, narexc — 4 %).

[IpsiMoii 3aBUCHMOCTH MPOYHOCTH HA U3THO M pacTs-
’KEHHE OT KOHIICHTpAI[MK T00aBOK HE 00HAPYKEHO, MaK-
CHMAJIbHBIC TIOKAa3aTeN OBLTM TOCTHTHYTHI IpH 3 %, 3a
UCKITIOUCHHEM PE3WHOBOW KPOIIKH pa3MepoM (pakimi
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0aBKM MPOYHOCTh MOCTOSHHO YBEIMYMUBAIACH C MOBBIIIE-
HUEM KOHLIEHTPALMH{, YTO B CBOIO OY€pe/b MPUBOIUT K
YCTOMYMBOMY POCTY MPOYHOCTH. Pe3MHOBBIN MaTepuai
BOCIIOJIHACT BHYTPCHHUC HEIOCTATKU TaMIIOHAaXXHOT'O
KaMHS ¥ YBEIIMUMBAET €r0 HIACTUYHOCTD, YTO BBI3BIBACT
POCT TIPOYHOCTH TAMIIOHAKHOTO KaMHS Ha M3THO U pac-
Tpkerue [29-32]. DT1o co3maer mpeanoCchuIKy IS Jalb-
HEHWINHX UCCIeOBaHui ¢ 6oiee BRICOKHM COJIEpIKaHHEM
PE3UHOBOM KPOITKK MAJION (DpaKIHH.

C uemplo M3ydeHHs O3NACTHYECKHX XapaKTEPHCTHK
[IEMEHTHOTO0 KaMHS HEOOXOIMMO OHpPEIENUTh MOJIYJb
IOnra u koaddumuent Ilyaccona. Ha puc. 8, 9 npen-
CTaBNicHbl TpadWKM 3HAYCHWH OSTHX MOKa3aTenei npu
Pa3TIYHON KOHIIEHTPAINH 100aBOK.
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13 rpadukoB creyer, uTo BCE BHABI 3IAaCTOMEPOB
HPUBOJAT K YIYYNICHHIO YIPYTrO-3JIACTHIHBIX CBOHCTB
TaMIIOHAKHOTO KAMHSI, YTO MOATBEPIKAACTCS CHIKEHHEM

mopyJtst FOrra n noBbinenneM koddunrenta Ilyaccona.

W3menenue uccnenyeMbix mokasateneil 00ycioBiIeHO
OOJBITICH 3MACTHYHOCTBIO MATPHIIBI TAMIIOHAKHOTO KaM-
HS 3a cueT J00aBJCHUS PE3MHOBOW KPOIIKK M JaTeKca,
YTO JIOMYCKAET JAOTOJTHUTEIBHYIO YIPYTYIO e)OpMAaIIHEO
0e3 CHIIKEHHS IPOYHOCTHBIX XapaKTEPUCTHUK.

VMeHbIIIeHHe MoKa3aTeneil mpu OnpeIeeHHbIX KOH-
HEHTPAIUAX CBA3aHO CO CHIKCHHEM MPOYHOCTHBIX Xa-
PAKTEPUCTHK, KOTOPBIC HCMOIB30BANKCH TPH pacyeTe Ko-
3 PHUIHUEHTOB 3MACTHIHOCTH.

Ha puc. 2-9 oTmeuensl fBa coctaBa, KOTOPbIE HMEIOT
HaWIy4lIie TapaMeTpbl Ipu T00aBIeHUH ABYX N0OABOK
571aCTOMEPOB B PACTBOP.

3aknoyeHue

B craThe W3NONKEHBI Pe3yNBTATHl AHATUTHYECCKOTO
0030pa COBPEMEHHOTO COCTOSHHS HPOONEMBI IIOTEPH
TePMETHYHOCTH 3aTPYOHOTO MPOCTPAHCTBA CKBAXKHH,
CBA3aHHBIC C NOBBICHHBIMA JUHAMUYCCKUMU HArpys3Ka-
MU Ha KpEIb CKBAKHHBI, KOTOPBIC CO3IAIOTCS TIABHBIM
00pa3oM MpH TMPOBEIEHUH OTEepaii 10 nepdopary,
I'PII u onpeccoBke.

Ha ocHoBe aHanmm3a ObUTM HpPHBEJEHBI CYIIECTBYIO-
I[ME PENICHUS 110 YBEITMYCHUIO CONPOTUBIIEMOCTH TaM-
MOHAKHOTO KaMHS HHAMHYCCKAM HArpy3kaM C IEINbIO
TPEIOTBPAIIECHHS MOTEPH TEPMETUYHOCTH 3aTPyOHOTO
HPOCTPAHCTBA CKBAKUH 32 CYET J00OABICHHS B TaMIIO-
HaKHYIO CMECh apMUPYIOIINX BOJIOKOH U 3aCTOMEPOB.

HpOBeZ[CHHbIe HUCCIICN0BaHUA OCHOBAHbI Ha U3YUCHUU
M3MCHEHUS CBOMCTB TAMIIOHAXKHOTO PACcTBOPA M KAMHS 32
cueT T00aBIEHHS B €r0 COCTaB 3NMAacTOMEpoB. B pesynb-
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The quality of well anchoring is a very urgent problem in the field of well cementing. During the development of the field, the well is sub-
jected to both static and dynamic loads, while it is worth noting that the influence of the dynamic component is more significant, since when
the cement stone is destroyed, complications associated with premature watering of the well may occur, and overflows may occur. The
paper considers the analysis of the causes of the well support tightness breach during operation and selects a composition that increases
cement stone strength characteristics.

Relevance. The quality of well cementing is an urgent problem today. Due to the high complexity of predicting the behavior of rocks with
various types of cements, situations related to the leakiness of the borehole often arise. They lead to complications and accidents, and this
in its turn increases the cost of work and the cost of their elimination. There are many works aimed at solving the problem of tightness
quality, but despite this, the problem has not been solved and remains relevant and important in this field of research.

Purpose: to develop the composition of a grouting mixture with high resistance to various loads to increase the strength characteristics of
cement stone, in addition, it is necessary to consider the most promising additives, in particular, elastomers; to investigate their influence
on the basic properties of cement mortar and stone.

Methods. To achieve this goal, a literary review of foreign and domestic researchers was conducted. Laboratory tests of grouting mortar
and cement stone with the addition of various concentrations of elastomer additives were carried out. The methods of determining the
Young's modulus and the Poisson's ratio of the grouting stone are considered and applied. All studies were conducted in accordance with
SS 34532-19 «Grouting cements. Test methods», SS 28985-91 «Mountain rocks. Method for determining deformation characteristics un-
der uniaxial compression», SS 21153.3-85 «Mountain rocks. Methods for determining the tensile strength at uniaxial tension».

Results. During the experiment, cement mortars with additives: latex and rubber crumb of different fractions (concentrations differ), were
obtained. It was found that at the concentrations under consideration, the density of the solution decreases, the spreadability value in-
creases, except for the concentration of 4 % latex, and the water separation of the solution with the addition of latex decreases. There was
an increase in flexural and tensile strength for all samples. The composition of the cement mixture with the best indicators of the content of
3 % latex and 3 % rubber crumb fractions of 1-2 mm was determined.

Conclusions. The developed composition of the grouting mixture with the addition of elastomers improves the quality of the support and
has high resistance to dynamic loads during well operation.

Key words:
fastening quality, dynamic loads, latex, rubber crumb, cement stone strength.

5. Blinov P.A. Justification of the use of resins to improve the elas-

REFERENCES tic-strength properties of cement stone and a comparative assess-
1. Agzamov F.A., Belousov A.O. An integrated approach to the pre- ment with existing technological solutions. Construction of oil and
vention of breach of the tightness of the annular space of wells gas wells on land and at sea, 2021, no. 9, pp. 31-36. In Rus.
during secondary opening and hydraulic fracturing. Oil province, ~ 6. Gupta T., Chaudhary S., Sharma R K. Assessment of mechanical
2019, no. 1, pp. 197-214. In Rus. and durability properties of concrete containing waste rubber tire
2. Targosz-Korecka M. Effect of selected B-ring-substituted oxyster- as fine aggregate. Construction and building Materials, 2014,
ols on artificial model erythrocyte membrane and isolated red vol. 73, pp. 562-574.
blood cells. Biochimica et Biophysica Acta (BBA) —Biomembranes, 7. Buglov N.A., Butakova L.A., Bulanov N.S. The effect of microsil-
2020, vol. 1862, no. 2, pp. 183067. icon on the physical properties of grouting stone. Earth sciences
3. Kremieniewski M. Possibilities of limiting migration of natural and subsoil use, 2019, vol. 42, no. 2 (67), pp. 201-208. In Rus.
gas in boreholes in the context of laboratory studies. Energies, 8. Bulatov A.I. What is a cemented backwater space. Drilling and oil,
2021, vol. 14, no. 14, pp. 4251. 2016, no. 6, pp. 30-35. In Rus. )
4. Akhmetvaliyev N.N. Prochnostnye  kharakteristiki po- 9~ Gasumov R.A., Minchenko Yu.S. Improving the quality of well
limertsementnogo vyazhushchego [Strength characteristics of pol- cementing using dispersed-reinforced grouting materials. Oilfield
ymer-cement binder]. Studencheskiy forum: nauchnyy zhurnal, business, 2016, no. 8, pp. 53-57. In Rus.

2019, no. 2 (53), pp. 28-31.

122



Blinov P.A. et al. / Bulletin of the Tomsk Polytechnic University. Geo Assets Engineering. 2022. V. 333. 11. 115-123

11

12.

14.

17.

18.

19.

20.

21.

22.

. Gnibidin V.N. Results of research in the field of preventing the

loss of tightness of the annular space of wells as a result of the im-
pact of static and dynamic loads. Bulatovskie readings, 2017,
vol. 3, pp. 54-59. In Rus.

Dolgikh L.N. Kreplenie, ispytanie i osvoenie neftyanykh i
gazovykh skvazhin [Fixing, testing and development of oil and gas
wells]. Perm, Perm State technical University Publ., 2007. 189 p.
Zvarygin V.1. Tamponazhnye smesi [Cement mixtures]. Krasno-
yarsk, SFU Publ., 2014. 216 p.

. Ishbaev G.G. Development of grouting materials of increased im-

pact strength. Drilling and oil, 2015, no. 9, pp. 38-41.

Dvoynikov M.V., Kuchin V.N., Mintzaev M.Sh. Development of
viscoelastic systems and technologies for isolating water-bearing
horizons with abnormal formation pressures during oil and gas
wells drilling. Journal of Mining Institute, 2021, vol. 247, pp. 57-65.
DOI: 10.31897/PMI1.2021.1.7

. Kiyamov LK. On the issue of the development of nanomodified

cement for well grouting. Oil province, 2015, no. 4, pp. 70-79.
In Rus.

. Latypov R.F. Issledovanie i razrabotka tekhnologiy differentsiro-

vanoy vodoizolyatsii productivnykh plastov pri kapitalnom remon-
te skvazhin. Avtorefereat Dis. Kand. nauk [Research and develop-
ment of technologies for differentiated water isolation of produc-

tive formations during the overhaul of wells. Cand. Diss. Abstract].

Tyumen, 2000. 22 p.

Scherer G.W. Stress from crystallization of salt. Cement and con-
crete research, 2004, vol. 34, no. 9, pp. 1613-1624.

Liu X. A coupled thermo-hydrologic-mechanical (THM) model to
study the impact of hydrate phase transition on reservoir damage.
Energy, 2021, vol. 216, pp. 119222.

Li C. A new method to protect the cementing sealing integrity of
carbon dioxide geological storage well: an experiment and mecha-
nism study. Engineering Fracture Mechanics, 2020, vol. 236,
pp. 107213.

Kadochnikov V.G., Dvoynikov M.V. Development of technology
for hydromechanical breakdown of mud plugs and improvement of
well cleaning by controlled buckling of the drill string. Appl. Sci.,
2022, vol. 12, 6460.

Baghini M.S. Effect of styrene-butadiene copolymer latex on
properties and durability of road base stabilized with Portland ce-
ment additive. Construction and Building Materials, 2014, vol. 68,
pp. 740-749.

Wang R., Wang P.M., Yao L.J. Effect of redispersible vinyl ace-
tate and versatate copolymer powder on flexibility of cement mor-

Information about the authors

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

tar. Construction and Building Materials, 2012, vol. 27, no. 1,
pp. 259-262.

Ramachandran V.S. Dobavki v beton: spravochnoye posobie [Ad-
ditives in concrete: reference manual]. Ed. by V.S. Ramachandra-
na. Moscow, Stroyizdat Publ., 1988. 575 p.

Ryabokon S.A., Novokhatsky D.F. The influence of casing crimp-
ing on the quality of well anchoring. Oil industry, 2003, no. 9,
pp. 41-43.

Hou D., Yu J., Wang P. Molecular dynamics modeling of the
structure, dynamics, energetics and mechanical properties of ce-
ment-polymer nanocomposite. Composites. P. B: Engineering,
2019, vol. 162, pp. 433-444.

Samsykin A.V. Method of calculation of various dynamic loads on
the well support. Oil and gas business, 2007, vol. 5, no. 1, pp. 46-51.
In Rus.

Safiullin I.K., Komleva S.F. Increasing the impact resistance of
cement stone to dynamic loads by the method of fiber reinforce-
ment of grouting materials. Oil province, 2016, no. 1, pp. 73-82.
In Rus.

Bisht K., Ramana P.V. Evaluation of mechanical and durability
properties of crumb rubber concrete. Construction and building
materials, 2017, vol. 155, pp. 811-817.

Movchan 1., Yakovleva A., Movchan A., Shaygallyamova Z. Early
assessment of seismic hazard in terms of Voronezh massif-
Moscow Depression contact. Mining of Mineral Deposits, 2021,
vol. 15, pp. 62-70.

Sadykov M.L., Blinov P.A., Nutskova M.V. Use of the water-
swellable polymers (WSP) for wellbore stabilization in intensely
fractured rock intervals. E3S Web of Conferences, 2021, vol. 266,
pp. 01013.

Segre N., Joekes I. Use of tire rubber particles as addition to ce-
ment paste. Cement and concrete research, 2000, vol. 30, no. 9,
pp. 1421-1425.

Yilmaz A., Degirmenci N. Possibility of using waste tire rubber
and fly ash with Portland cement as construction materials. Waste
management, 2009, vol. 29, no. 5, pp. 1541-1546.

Paul S.C., Van Rooyen A., Van Zijl G., Petrik L.F. Properties of
cement-based composites using nanoparticles: a comprehensive
review. Construction and Building Materials, 2018, vol. 189,
pp. 1019-1034.

Received: 2 June 2022.
Reviewed: 22 September 2022.

Pavel A. Blinov, Cand. Sc., associate professor St. Petersburg Mining University.

Daniil M. Cheremshantsev, master’s student St. Petersburg Mining University.
Aleksandr V. Shansherov, postgraduate student St. Petersburg Mining University.
Natalia Yu. Kuznetsova, Cand. Sc., associate professor St. Petersburg Mining University.
Vyacheslav V. Nikishin, Cand. Sc., associate professor St. Petersburg Mining University.

123



